We show, within the framework of renormalized nuclear field theory and of the induced reaction surrogate formalism, that the highly debated 10 Li structure, observed in a recent 9 Li(d,p) 10 Li oneneutron transfer experiment is consistent with or better, requires the presence of a virtual 1/2 + state of similar single-particle strength than that of the 1/2 − resonance at 0.45±0.03 MeV. Based on continuum spectroscopy self-energy techniques, we find that the physical mechanism responsible for parity inversion in 
Introduction.
A central issue in the study of atomic nuclei is that of the identification of the magic numbers. That is the number of protons or of neutrons which fill (close) the associated shells. The particular stability of closed shell nuclei has been likened to that of noble gases (He, Ne, Ar, Kr, Xe and Rn having full valence electron shells) found in the study of atoms, and at the basis of the development of quantum mechanics. Magic numbers in nuclei are closely connected with the origin of elements and with the limits of stability of nuclear species.
Seven decades have elapsed since the seminal papers in which Mayer [1] [2] [3] (see also [4] ) and Jensen [5] introduced the shell model of the atomic nucleus. Much work on the subject has been dedicated by the nuclear physics community ever since ( [6] [7] [8] [9] [10] [11] and references therein). In spite of this, the quest for the pillars of nuclear structure, namely the magic numbers, is far from completed, being very much an open question reserving surprises and challenges [12] [13] [14] [15] [16] . An example of recent date being provided by the paper of Cavallaro et al. [17] reporting on the study of 10 Li through the one-nucleon transfer reaction d( 9 Li, p) 10 Li.
Novel magic numbers: parity inversion. The first two Meyer-Jensen magic numbers are 2 and 8 for both protons and neutrons. That is, the 1s 1/2 orbital filled in the first case, the 1s 1/2 , 1p 3/2 and 1p 1/2 ones in the second, in which case the 2s 1/2 is the first empty orbital lying at an energy of few MeV higher than that of the 1p 1/2 last filled orbital. The fact that the isotopic abundance of Increasing the number of neutrons of a normal nucleus, Pauli principle forces them into states of higher momentum. When the core becomes neutron saturated, the nucleus expels most of the wave function of the last neutrons outside to form a halo which, because of its large size, can have a lower momentum, that is less kinetic energy of confinement. The system 11 4 Be 7 ((N − Z)/A ≈ 0.36) constitutes a much studied example of one neutron halo nucleus ( [18] [19] [20] and refs. therein). In principle one could have expected that because the 1s 1/2 and 1p 3/2 are filled, the last neutron occupies a substate of the 1p 1/2 orbital. In other words, according to the sequence of neutron levels of normal nuclei, 11 Be can be viewed as a neutron away from the N = 8 closed shell. However, the ground state of 11 Be has spin and parity 1/2 + , implying inversion in the sequence of the 1p 1/2 and 2s 1/2 orbitals. Because the 1/2 + (-0.50 MeV) and 1/2 − (-0.180 MeV) levels are very close to each other, and separated from the 3/2 − level by about 3 MeV the N = 8 role of magic number has been taken over by N = 6. In other words, 11 Be can be viewed as a one-neutron system outside the closed shell, the reaction 10 Be(d, p) 11 Be being then the specific probe of such a system. It is furthermore of notice that closely associated with the parity inversion phenomenon, the dipole transition between the 1/2 + and 1/2 − states carries about one Weisskopf unit, being the strongest E1-transition between bound states of the whole mass table [21] .
Transferability. A consistent set of experimental data exists on the unbound isotone of [29] , the 1p 3/2 (π) odd proton being considered as a frozen spectator, is not explicitly written). The above requirement implies that the energies of the two configurations are not too different, likely within 0.5-0.6 MeV.
Because the mechanism at the basis of the phenomenon of parity inversion observed in 11 Be associated with the dressing of the 1p 1/2 and 2s 1/2 single-particle states, through the coupling of the quadrupole vibration of the core 10 Be (self-energy processes), namely the coupling of the |2s 1/2 state with the |1d 5/2 ⊗ 2 + ; 1/2 + configuration and of the |1p 1/2 with the |((p 1/2 , p
− configuration, leading to attraction and to repulsion respectively [20] , is equally operative in 10 Li than in 11 Be, it is sensible to assume that the 11 Be observations and theoretical results are transferable to 10 Li. Similarly, because successive transfer is the main mechanism in the 1 H( 11 Li, 9 Li(gs)) 3 H process [29] , the properties of the dressed single-particle states entering 11 Li are also likely to be transferable to 10 Li. Specific probe. Be as it may, one has to recognize that the specific probe concerning the single particle states of 10 3 Li 7 is one-nucleon stripping process [30, 31] . Within this context, the experiment 9 Li(d,p) 10 Li of Cavallaro et al. [17] , constitutes an important contribution to, as well as a challenge in, the study of non Mayer-Jensen magic numbers in systems with large neutron excess ((N − Z)/A = 0.4).
Scope and outcome. In this letter we will show that the data of Cavallaro et al. [17] Be [20] , the four parameters characterizing the bare mean field were determined imposing the self-consistent condition that the dressed single-particle levels resulting from the coupling to the quadrupole vibration of the core 10 Be reproduce the experimental energies, in particular those of the parity inverted 1/2 + and 1/2 − states. We have extended this approach to the normal sequence N = 7 isotones Making use of the parameters of the resulting bare potentials we have determined an average potential (to be used in connection with an effective mass m k = 0.7m(0.91m) for r = 0 (r = ∞)), and extrapolated it to the case of 10 Li (N = 7, Z = 3; see Fig. 1 ). With this global potential and k-mass, together with the quadrupole vibration of 9 Li ( ω 2 = 3.37 MeV, β 2 = 0.72), we have calculated the corresponding singleparticle renormalization processes in 10 Li. Diagonalizing the associated self-energy matrices Σ ik (E) ( i , k > F ) of typical dimensions 25×25 the dressed 1/2 + , 1/2 − virtual and resonant states were calculated [32, 33] , leading to
where κ = 1/α, α = −lim k→0 tg(δ 1/2 + )/k = −8 fm being the scattering length, while
The parallel between these results and those shown in Eqs (1)- (3) of ref. [20] for 11 Be, let alone with those displayed in Fig. 1 of ref. [26] and in Eqs (1)- (4) of ref. [29] is apparent.
In the case of the odd-odd nucleus 12 5 B 7 , the odd neutron moving in the s 1/2 , or in the p 1/2 orbitals couples to the 1p
In keeping with a well established approach [34] [35] [36] , we assume that the proton interacts with the odd neutron through a spin-dependent contact interaction,
). The two parameters are determined by fitting the experimental energies of centroids and splittings (see Fig.1 inset a) With the help of the non-local bare potential U (r, r ), which used together with an r-independent mass gives the same results as U (r) plus m k (r), and of the nonlocal self-energy matrices Σ(r, r ; E), whose configuration space representation corresponds to Σ ik (E), in conjunction with the optical parameters of ref. [37] , we have calculated the absolute double differential cross section d 2 σ/dEdΩ within the framework of inducedsurrogate reaction formalism ( [38, 39] 2 σ/dEdΩ in the angular and energy ranges within which data was recorded [17] . In keeping with the experimental energy resolution, the theoretical results were folded with Lorentzian functions of FWHM of 170 keV.
As seen from Figs. 2 (a) and (b), theory provides a quantitative account of the experimental findings, confirming the lack of any consistent amount of s 1/2 strength and thus the doubts regarding the presence of parity inversion in 10 Li. Very similar results were obtained making use of the optical parameters employed in ref. [17] .
The picture changes substantially by enlarging the an-gular range, as testified by the cross sections (dσ/dE) integrated in the angular range 50 Fig. 2 (c) ) as well as by the absolute differential cross section at angles θ CM > 40 o (Fig. 2 (d) ), which unarguably demonstrate the presence of a virtual s 1/2 state, state absent (non observable) from (dσ/dE) 5.5 • −16.5 • . To make such a statement it is required to be able to predict absolute one-particle transfer cross sections within experimental errors. To fulfil such requirements one has to able to calculate continuum self-energy processes. That is, the dressing of a particle state through the coupling of the quadrupole vibration of the core 9 Li, renormalising in the process energies, single-particle spectroscopic amplitudes and wavefunctions (form factors) of virtual and resonant states. The subtle properties of the s 1/2 (virtual) state, in particular of the associated 9 Li(d, p) 10 Li(1/2 + ) formfactor resulting from the poor overlap between the extended neutron wave function and the corresponding one in the deuteron, are emphasized by the linear scale angular distribution shown in the inset (b) of Fig. 1 .
Similar calculations to the ones discussed above were carried out but this time for the reaction 9 Li(d,p) investigated at 2.36 MeV/A at the REX-ISOLDE facility [31] , making use of the optical potentials of this reference. The results provide an overall quantitative description of the experimental findings (Fig. 3) .
Summing up, the results shown in Figs. 2 and 3 dissipate the possible doubts concerning the presence of a virtual s 1/2 state in the low-energy continuum spectrum of 10 Li, and confirm the soundness of the picture at the basis of the description of 11 Li provided in [26] and [29] (see also [28] ).
Theory predicts a number of structures which can hardly be separated from each other because of their complex energy distribution, let alone the experimental energy resolution. They are: a) a virtual 1/2 + state with scattering length α = −8 fm which, through the interaction V np with the 1p 3/2 (π) odd-proton state splits into a 2 − (≈ 0. [40] and references therein). In this case the mixing between the two states is much larger due mainly to the fact that the unperturbed energies of the two 3/2 + states are almost degenerate.
Conclusions. Structure and reactions, in particular when referred to a specific elementary mode of excitation (e.g. single-particle motion) and its specific probe (onenucleon transfer), are two aspects of the same physics. Renormalized energies and wavefunctions (effective Qvalues, spectroscopic amplitudes and formfactors) are the "observables", the meeting point between theory and experiment being absolute differential cross sections.
For normal nuclei, structure essentially refers to bound states, reactions to continuum asymptotic waves. A distinction which becomes blurred in the case of exotic light bound halo nuclei like 11 Be and 11 Li. Just think in the 5/2 + resonance in the first case (centroid E x = 1.28 MeV, width Γ = 100 keV) and in the soft-dipole mode in the second (E x 1 MeV, Γ = 0.5 MeV) , let alone on the virtual and resonant states in the case of 10 Li and of its specific probe, 9 Li(d,p) 10 Li. Making use of renormalized nuclear field theory of structure and reactions we find it similarly possible (trying) to provide a "complete" description of the structure and reaction process associated with 11 Be and 11 Li than with 10 Li, in which case one is referring exclusively to continuum spectroscopy (structure) and reactions. The parameters used to calculate the bare single-particle levels of 10 Li were obtained by extrapolating those determined following the protocol presented in [20] in connection with the calculation of the 11 Be spectrum applied also to the isotones 13 6 C 7 and 12 5 B 7 which display MayerJensen sequence. The apparent puzzle-(hieroglyphic-) like position (see [17] and refs [7, 8, 10, 11] therein, i.e. [22] [23] [24] [25] of the present Letter) of the continuous structure and reaction aspects of 10 Li within the N = 6, parity inverted scenario becomes readily understandable as the consequence of the choice of a restricted angular window.
Within the unified view adopted in the present letter, 10 Li, 11 Be and 11 Li can be viewed as the top, middle and bottom texts of a rosetta-like stone dealing with parity inverted halo nuclei poised to acquire a permanent dipole moment. The uniqueness of the apparently different phenomena ("texts") is due to the fact that they all emerge from the same underlying physics, namely: a) a quantal phase transition [41] close to the crossing point; b) spontaneous symmetry breaking phenomenon (dipole instability) [42] , and of their interplay. Another example of the relation existing between physical correct collective variables, emergent properties, transferability and effective lower dimensionality of many-body systems ( [43] [44] [45] and refs. therein). 
Supplemental material
The bare mean field potential
The parameters of the bare mean field adopted in the various nuclei are listed in Table 1 having relatively large radii and diffusivities, and evolving smoothly from one isotope to the next. Table 1 : Parameters of the bare potentials adopted in the various isotopes considered, parameterized according to Eq. (2.182) of ref. [2] .
Deformation parameters
The renormalization of the neutron single-particle states due to the coupling to the low-lying collective quadrupole vibration is an essential ingredient of our calculations of the structure of the N = 7 isotones In our calculations the values of the neutron deformation parameter have been fitted in each calculated N=7 isotone so as to optimize the properties of the calculated energy spectrum as compared to experiments; they are shown in Fig. 2 by empty circles. It is reassuring that the values adopted for 11 4 Be, and To calculate these splittings use has been made of the schematic two- The action of the two-body interaction we have adopted is in general different, according to whether the neutron and proton levels involved are of hole-or of particle-character. In the case of one-hole and one-particle states, the shift caused by the spin-independent part changes sign, while the σ 1 · σ 2 part does not change. However, the ordering within the π(p 3/2 ) × ν(2s 1/2 ) and 10 Li is predicted to be the same as within the
In fact ,the 1p 1/2 and 2s 1/2 states can be considered as particles or as holes (one particle in a two-level orbital), and for symmetry the contributions of the spin-independent part does not produce any splitting, but only a level shift which is taken into account by the mean field. As a consequence, the splittings caused by these interaction are expected to be the same, apart from the difference arising from the different radial form factors. This is a very peculiar characteristic of the multiplets based on s 1/2 or p 1/2 orbitals. In general the situation is different , as for example in the case of the multiplets based on the 1d 5/2 orbital, which are predicted to show inverted splittings in 10 Li and 12 B.
For a more quantitative calculation, the interaction should be diagonalized in a space of good total angular momentum J generated by all the possible 7 combinations of the odd proton and the odd neutron orbitals that may couple to J. We will make two simplifying assumptions. Our first approximation will be to freeze the proton in the 1p 3/2 orbital, which is justified due to its large binding energy. Our second approximation will be to neglect the mixing between different multiplets, an approximation which is justified by their relatively large energy separation. In particular, we will not mix the For simplicity we have substituted the radial form factor φ p 3/2 (r) by a Wood Saxon potential having the same geometry as the bare potential used to fit the centroid, determining its depth so as to reproduce the experimental value of the position of the 1 − level, leading to ∆V 1(p 1/2 ) = -2.6 MeV. The depth of the potentials used for the other J(lj) states have been scaled according to the value of < (1 − α + ασ 1 · σ 2 ) > J(lj) . We have adopted the same procedure in the case of 10 Li, but starting from the bare WS potential with parameters extrapolated from those determined in 13 C and 11 Be. The comparison with the data of the reaction discussed in the main text favours somewhat smaller values of ∆V 1(p 1/2 ) . We have adopted ∆V 1(p 1/2 ) = -1.8 MeV which leads to rather good 8 fits both in in 13 C and 11 Be.
